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ADAPTIVE TRANSMITTER FOR DIGITAL performed automatically, so additional human effort is 

TRANSMISSION required to maintain the service. This increases the cost of 

the digital service installation and maintenance. In addition, 
CROSS REFERENCE TO RELATED [he existing power burst method is done independently, 

APPLICATION 5 regardless of whether it is the central office or the remote 

This application is a utility application based on U. S. si *' and lhus > if ,he power bursi is performed at the central 
provisional patent application Ser. No. 60/025,344, filed on oILce Slde where lhe crossialk * ^eater 'nan ^ oi Ihe 
Sep. 3, 1996, entitled "ADAPTIVE TRANSMITTER FOR remote site, a power burst will create an even worse 
DIGITAL TRANSMISSION," by Iliroshi Takatori, et al. crosstalk environment. 

which application is incorporated by reference herein. 10 11 can De seen > ,nen » mal lnere is a need for an effective 

technique to reduce the crosstalk in digital data networks. 

SUMMARY OF TTIE INVENTION 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 



This invention relates to high speed digital data networks, is To overcome ,ne limitations in the prior art described 

and more specifically refers to reducing the crosstalk above ' and 10 overcorae °ther limitations that will become 

between high speed data network interconnections. apparent upon reading and understanding the present 

- p. rn . , . specification, the present invention discloses a powerful and 

2. Descnption of Related Art . ■ , , . . t , . f . „ 

r highly productive method for reducing crosstalk. 

Recently several high speed digital dala services have ^. ft -M , . o .. . . , ... , 

, 3 . & ?T . . Jr. . . . . . . . , ™ The present invention solves the above-desenbed prob- 

become commercially available. These high speed digital , . r , r ... . r . . , , 

. , J , to , .> - 'ems by using leedback from a high speed digital dala 

data services are known as the ISDN (Integrated Services , . , , u . • u 

I> . . . vr ,v . • Im< , t , r^- , service to determine transmission characteristics. This will 

Digita Network) basic rate, HDSL (High Speed Digita , , , ., , , . 

„ Z . , ( lir x<-f «x /II * l o j 5- ■ , o l. * § raise or lower the signal strength in each cab c and thus 

Subscriber Loop), HDSL2 (High Speed Digital Subscriber . tk ., , ■ A , „ . . - 

i o\ ahpiV - T-f- • io u -i_ i x . lower the interactions and crosstalk between cables in the 

Loop 2), ADSL (Asymmetric Digital Subscriber Loop), and Mmc cab , e bund , e 

Tl services. When offered by the same provider, they are - 

typically installed in the same cable binder, and as the 7110 ccn,ral officc ( HTU "Q receiver output signal-lo- 

number of services increases, the number of cables in the noise ral, ° < SNR ) can be enhanced by boosting the power of 

cable binder increases. However, increased numbers of lhe remole Slle ( H1 U ' R ) transmitter signal in lhe upstream 

cables within the binder increases the crosstalk between ( from rcmolc Slle }° cenlral oEce ) d ' rec lion. Further 

cables, which degrades the transmission performance for 30 im P™ v emenl in performance can be achieved by reducing 

each digital dala service. tne HTXJ ' C NEXT mierterence. 

Each of lhe high speed digiial data services described ^ worst case crosstalk scenario of the system is typi- 

above typically connect two locations. The first location is cal, y obsc rvcd on the HDSL2 data connection at the central 

typically the cenlral office, and lhe other is typically a remote „ office (HTU-Q side of lhe transmission link because the 

site. Normally, the central officc site is considered the numberof cable pairs is larger at the cenlral office side of the 

"master" and the remote site is the "slave" in terms of dala s V slem - The crosstalk from the ADSL is also higher al 

network synchronization. The central office is typically ,he office Slde of the transmission link. The present 

located al a fixed site while the remote site can be scattered invention measures the cable loss between lhe central office 

over a very wide range of territory. In other words, the and lhe remo,e s,te > and determines from this measurement, 

distance between the central office and the remole sile can 40 and sl S nal 10 noisc measurements, when to change lhe 

vary from 50 meters up to 5 kilometers depending on the transmitter power and/or frequency levels. The iransmilter 

location of the remote site. The cable bundle has connections P ower !evel 15 usual, y increased at the remote site (HTU-R) 

distributed along lhe span of the cable bundle. As the lo combat crosstalk at the cenlral officc, and is reduced at the 

number of cable pairs within the cable bundle increases, the cen!ral ofRce lo a 8 a,n minimize crosstalk affecting mher 

crosstalk between pairs increases. The number of pairs * 5 P airs wilnin tne bundle - 

within lhe bundle increases as the bundle gets closer to the A system in accordance with lhe principles of the present 

cenlral office, ihus making lhe crosstalk more severe al the invention comprises software and hardware which provide a 

central office. The crosstalk interferes with proper signal method for measuring the signal power from remole siles, 

transmission, thus affecting system performance. evaluating the losses in lhe cable between a central office 

There are iwo kinds of crosstalk, namely near end 5 ° and tnc remote sile, and adjusting the transmission power 

crosstalk (NEXT) and far end crosstalk (FEXT). In the and frequency lo optimize lhe signal transmission and 

practical network at hand where several different services reduce crosstalk. 

are installed using different transmission methods, the One object of the present invention is lo reduce near end 

NEXT is dominant over lhe FEXT Therefore, methods to 55 crosstalk. It is a further object of the invention to increase 

reduce lhe NEXT would have a greater effect on improving digital data system performance. It is a further object of the 

system performance. invention to make il safer to operate digital data systems. 

The transmitter of the existing digital services have lhe For a better understanding of the invention, its 

nominal power required for each service. Even if the dis- advantages, and lhe objects obtained by its use, reference 

tance between the central office and the remote site is very 60 should be made to the drawings which form a further part 

short, the transmitter still uses the nominal transmit power hereof, and lo accompanying descriptive matter, in which 

and thus creates unnecessary crosstalk interference into the there are illustrated and described specific examples of an 

other pairs wilhin lhe same bundle. apparatus in accordance with the invention. 

Although Ihcre are a few services that increase the trans- ~-~~ w —,-^ t „ „ 

mi. powe7(know„ as a "power bur,." method) and empha- 65 DESCRIPTION OF THE DRAWINGS 

size the higher frequency conteot when the cable length is Referring now to ibe drawings in which like reference 

longer than the nominal case, the power control is not numbers represent corresponding pans throughout: 
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FIG. 1 is a block diagram of ihc digital data network used only two transceivers and two remote sites are shown, 

in the invention; Remote site 16 is connected to transceiver 40 via cable 32, 

FIG. 2 is a block diagram illustrating the types of as a,so shown in FIG. I. Remote site 22 is connected to 

crosstalk within the digital data network; " transceiver 42 via cable 34, also as shown in FIG. 1. 

FIG. 3 is a block diagram of a transceiver thai is typical 5 Crosstalk 52 occurs when electric or electromagnetic inter- 

of any of the transceivers located at the centra! office; and £ rcDce occurs belween transceiver 40 and transceiver 42. 

........ e . c Crosstalk 52 typically occurs when transceiver 40 is trans- 

FIG. 4 is a block diagram of a second type of transceiver mM dala from |ransceiver 40 l0 remolc silc 16 TOs 

that is located at the central office. 52 js ^ knQWn as ncaf cnd crosslaU ^ or NEXT 

DETAILED DESCRIPTION OF l*HE 10 ^ rnssla ^ 54 occurs when electronic or electromagnetic 

INVENTION interference occurs between transceiver 40 and remote site 

22. Crosstalk 54 typically occurs when transceiver 40 is 

In the following description of the preferred embodiment, transmitting data from transceiver 40 to remote site 16, and 

reference is made to the accompanying drawings which interference causes the transmission to affect the dala on 

form a part hereof, and in which is shown by way of 1S cable 34, which is connected to remote site 22. This 

illustration the specific embodiment in which the invention crosstalk 54 is also known as far end crosstalk, or FEXT. 

may be practiced. It is to be understood that other crabodi- Typically, NEXT dominates over FEXT in a given digital 

ments may be utilized as structural changes may be made d ala system 10. 

without departing from the scope of the present invention. FIG. 3 is a block diagram of a transceiver 40 that istypical 

The present invention provides methods for reducing 20 0 f any n f the transceivers located at the central office 12. 

crosstalk in high speed digital data services, thereby increas- Transceiver 40 contains transmitter 56, hybrid 58, equalizer 

ing the performance and efficiency of the digital system. 60, signal level detector 62, decision block 64, and SNR 

Additional information regarding technical problems detector 66. Transmitter 56 has data input 68, data input 68 

associated with digital dala networks, and the solutions containing the data to be transmitted by transmitter 56. 

presented by the present invention, can be found in the ANSI 25 Transmitter 56 also has control/remote input 70, and output 

T1E1.4 standards meeting presentation, attached to this 72. Output 72 connects transmitter 56 to hybrid 58. Hybrid 

application as Appendix 1, herein incorporated by reference. 58 has cable output 74, which connects transceiver 40 to a 

FIG. 1 is a block diagram of an exemplary digital data remote site. Hybrid 58 has equalizer (EQL) connection 76 to 

network. The digital data system 10 is illustrated by showing connect hybrid 58 to equalizer 60 and signal level detector 

a central office 12, a cable bundle 14, and remote sites 16, 30 62. Equalizer 60 is connected to decision block 64 by cable 

18, 20, 22, 24, and 26. Remote sites 18 and 20 are further 78 - Decision block 64 is connected to SNR detector 66 by 

away from the central office 12 than remote sites 16 and 22. ca t> le 80. Decision block 64 also has a received data output 

Remote sites 16 and 22 arc further away from the central 82. SNR detector 66 is connected to transmitter 56 by cable 

office 12 than remote site 24. Remote site 24 is further away 84. Signal level detector 62 is connected to transmitter 56 by 

from the central office 12 than remote site 26. There can be 35 cable 86. 

more or less remote sites in a typical network, and the The transmit power or frequency can be controlled by the 

number of remote sites shown in FIG. 1 is shown only for transmitter 56. Information is available to the transceiver 40 

reference. at the activation or start-up process, such as line loss, noise 

As cable bundle 14 spans the distance from remote sites 4Q margin at the receive side (near-end), and the noise margin 

18 and 20 to remote sites 16 and 22, only cable 28 and cable 4 a * the other side of the transmission link (far-end). The 

30 are inside the cable bundle 14. As cable bundle spans the control process starts the transmitter 56 at the nominal 

distance from remote sites 16 and 22 to remote site 24, power level or nominal frequency for the transmitter 56. The 

additional cables, cable 32 and cable 34, are added to the signal from a remote site comes into the transceiver 40 at 

cable bundle 14. As cable bundle 14 spans the distance received dala output 82. The signal received passes through 

between remote site 24 and remote site 26, cable 36 is added 4 the decision block 64, where the signal-to-noise ratio (SNR) 

to the cable bundle 14. As cable bundle 14 spans the distance is detected by the SNR detector 66. The SNR detector 66 

from remote site 26 to the central office 12, cable 38 is added determines whether the SNR is high enough for the trans- 

to the cable bundle 14. miller 56 lo transmit at nominal power level or nominal 

The electrical or electromagnetic interference between , 0 frequency and still maintain proper dala error rates. The 

cables 28, 30, 32, 34, 36, and 38 is called "crosstalk." mam determination for the SNR detector is the cable loss 

Crosstalk between any two or more of the cables in the cable between the transceiver 40 and the remote site, 

bundle 14 reduces the accuracy and performance of the The decision block 64 also receives the output 72 of the 

digital system 10. As additional cables are added to the cable transmitter 56 from the equalizer 60. The equalizer 60 

bundle 14, for example, as the cable bundle 14 approaches 55 attenuates the transmitter signal to correspond with the 

the cenlral office 12, the possibilities for crosstalk increase. received signal from the received dala output 82. 

The central office 12 contains transceivers for each of the The signal level detector 62 provides a feedback loop 

remole sites 16, 18,20,22,24, and 26 in the digital nelwork between the transmitter 56 and the cable output 74. The 

10, wherein transceiver 40 is connected lo remole site 16 via signal level detector helps to control the output 72 of the 

cable 32, transceiver 42 is connected lo remole site 22 via ^ transmitter 56 by increasing or decreasing the power and/or 

cable 34, transceiver 44 is connected to remote site 24 via frequency as required to minimize the crosstalk in the 

cable 36, transceiver 46 is connected to remote site 18 via system. 

cable 28, transceiver 48 is connected to remole site 20 via The control/remote line 70 allows the transmitter 56 to 

cable 30, and transceiver 50 is connected to remote site 26 receive messages from and transmit messages to the remote 

via cable 38. 65 site transmitter. 

FIG. 2 is a block diagram illustrating the types of The method starts with a nominal power level for the 

crosstalk within the digital data network. For convenience, transmitter 56. The exchange of information between the 
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ends of the transmission Link that is described in the present 
invention determines the optimum transmit level to he used 
in the final activation of the system. 

Once a received signal at the received data output 82 is 
detected, the SNR detector 66 evaluates the signal 5 
characteristics, based mainly on the cable losses between the 
transceiver 40 and the remote site. The SNR detector then 
determines whether the SNR of the received signal is too 
high or too low. This determination will depend mainly on 
the losses in the cable, which will depend mainly on the 0 
length of the cable between the central office and the remote 
site. 

If the cable loss is more than a given number, say Xj dB, 
the SNR of the received signal at the receive data input 82 
will be loo low. The SNR detector 66 then controls the 
transmitter 56 to increase the transmit power at the remote 15 
site transmitter, not the transmitter 56, level by Y, dB, or the 
transmit frequency by Y 3 Hz. The transmitter 56 then sends 
a signal to the remote transmitter on control/remote line 70 
to increase the transmit power of the transmit level, which 
will increase the level of signal at received data output 82. 20 
This process will continue until SNR detector 66 determines 
that the SNR of the received data on receive data input 82 
is acceptable. 

If the cable loss is less than a given number, say X 2 dB, 
the SNR of the received signal at the receive data input 82 25 
will be too high. The SNR detector 66 then controls the 
transmitter 56 to decrease the transmit power level by Y 2 dB, 
or the transmit frequency by Y 2 Hz, of the transmitter 56. 
The output 72 is thus decreased, and the power or frequency 
on the cable output 74 is decreased. The hybrid 58 splits 30 
some of this power or frequency off of the output 72 to send 
to the equalizer 60 and the signal level detector 62, to 
provide feedback to the transmitter 56 on cable 86. The 
equalizer 60 also passes this output signal level and fre- 
quency to the decision block 64, to help the SNR detector 66 3$ 
determine the SNR of the incoming signal at the received 
data output 82. 
Remote Site Power Boost 

The transceiver at the remote site can receive data from 
the transmitter at the central office to increase power output 
or increase frequency as required, and the remote site can 40 
also reduce its power as necessary to maintain optimum 
power levels and minimize crosstalk. Up to 7000 feet, the 
desired noise margin (6 dB) at 1 xl0~ 7 Bit Error Rale (BER) 
can be achieved. As currently available data pumps can 
estimate the line length, it is easy to determine whether the 45 
HTU-C transceiver is beyond the 7000 foot limit. The line 
driver circuit can be adjusted accordingly to amplify the 
output signal of the transceiver 40. The more power is 
boosted at the HTU-R side, the better the SNR at the HTU-C 
side becomes. Simple gain control such as this result in large 50 
jumps in the SNR for the system. Boosting the power of the 
HTU-R transceiver 40 will degrade the NEXT level at the 
remote site. If the power boost is limited to 2 dB, the HTU-C 
NEXT will still be more severe than the HTU-R NEXT. This 
results from the equalizer 60 being a non-linear device with 55 
many local minima of the solution (for the equalization of 
the signal). Where the power being transmitted in each 
direction is equal, the HTU-R margin is at least 3.6 dB better 
than the HTU-C margin. 

Unbalancing the power between the upstream and down- 60 
stream should utilize this difference in improving the 
HTU-C margin. For example, boosting the HTU-R upstream 
power by 3.5 dB will lead to equal margins in the HTU-C 
with 39 NEXT interferers and the HTU-R with 3 NEXT 
interferers. For an HTU-R with 7 NEXT interferers, boost- 65 
ing the upstream power by 2.2 dB will lead to equal margins 
at both ends. 
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Central Office Power Control 

Performance of the digital data system can also be 
improved at the HTU-C side for short reach pairs. For 
example, the HTU-R margin for a 1000 fool 26 gauge cable 
can be more lhao 25 dB. By reducing the power required 
from the HTU-C side to reach the shorter reach transceiver, 
ihe interference inflicted upon the neighboring pair serving 
ihe full reach transceiver will be reduced. For a 5000 fool 
cable, the margin at the HTU-R side is still more ihan 15 dB, 
high enough to accommodate some reduction in the trans- 
mission power. Using a limit of 2 dB on power reduction, 
although higher or lower reduction factors may be used, and 
under a normal distribution of cable reach, 1 dB of margin 
improvement is easily obtained at the HTU-C side by 
reducing the HTU-C transmission power. 
Preemphasis Deemphasis 

The limiting impairment for ihe HDSL2 application is the 
NEXT at the HTU-C end. As the NEXT is not flat with 
frequency, the receiver equalizer 60 tries to whiten (flatten 
oui) the NEXT interference. The simplified NEXT Power 
Spectrum Density (PSD) model PSD is given by: 

where x is the coupling constant, F is the frequency in Hz, 
and S„jrr r is the self-generated NEXT (HDSL2 NEXT 
generated on another HDSL2 connection) interference at a 
given point in the cable. The monotonic increase in the 
NEX'I -channel PSD with the frequency suggests that a 
preemphasis/deempbasis (PDE) method will improve the 
receiver SNR. The PDE will be used only for the upstream 
in conjunction with the power boosting. This would decrease 
the NEXT produced at the HTU-C end, as NEXT goes 
through only the deemphasis block. The PDE improves the 
received SNR at the equalizer 60 input, and relaxes the noise 
whitening required from the equalizer 60. 

By using the frequency shift and power management 
techniques in conjunction, a 2.5 dB SNR margin improve- 
ment can be achieved for full reach Carrier Service Area 
(CSA) loops. Uncoded QAM/CAP- 16 based transceivers 40 
will give -1.5 dB margin with thirty-nine transceivers 40 
(disturbers), Unger model of NEXT, on the digital data 
network; therefore, only 4.5 dB of additional coding gain 
will be needed to achieve a 6 dB margin in the system. 

FIG. 4 is a block diagram of a second type of transceiver 
40 that is located at the central office. Transceiver 40 
contains transmitter 56, hybrid 58, equalizer 60, decision 
block 64, SNR detector 66, multiplexer (mux) 88, and 
transmit power controller 90. Mux 88 has data input 68 that 
receives the data to be transmitted by transmitter 56. Mux 88 
also has SNR input 92 receiving da la from SNR detector 66. 
Mux 88 is connected to transmitter 56 by cable 94. Outpul 
72 connects transmitter 56 to hybrid 58. Hybrid 58 has cable 
output 74, which connects transceiver 40 to a remote site. 
Hybrid 58 has EQL connection 76 to connect hybrid 58 to 
equalizer 60. Equalizer 60 is connected to decision block 64 
by cable 78. Decision block is connected to SNR detector 66 
by cable 80. Decision block 64 also has a received data 
output 82. Receive data input 82 is also connected to 
transmit power controller 90. Transmit power controller 90 
is connected to transmitter 56 by cable 94. 

The transmit power or frequency can be controlled by the 
transmitter 56. The control process starts at the nominal 
power level or nominal frequency of the transmitter 56. The 
signal from a remote site comes into the transceiver 40 at 
received data output 82. The signal received passes through 
the decision block 64 where the signal-to-ooise ratio (SNR) 
is delected by the SNR detector 66. The SNR detector 66 
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determines whether the SNR is high enough for the trans- 
mitter 56 to transmit at nominal power level or nominal 
frequency and still maintain proper data error rates. The 
main determination for the SNR detector is the cable loss 
between the transceiver 40 and the remote site. 

The decision block 64 also receives the output 72 of the 
transmitter 56 from the equalizer 60. The equalizer 60 
attenuates the transmitter signal to correspond with the 
received signal from received data output 82. 

The received data output 82 is also passed to the transmit 
power controller 90 to provide the receive data power and 
frequency to the transceiver 40 for controlling the transmit- 
ter 56. 

The SNR detector 66 passes the SNR to the mux 88 which 
then multiplexes the SNR signal in with the data input 68. 
This multiplexed signal is fed to transmitter 56 by cable 94, 
and then to output 72, hybrid 58, and cable output 74. 

Again, the transmitter 56 is set at a nominal level to begin 
the process. At both the transceiver 40 and the remote site, 
the SNR of the received signal from receive data input 82 is 
measured. If the SNR measured at both ends is greater than 
a given value, say A a dB, then a given value is subtracted 
from the transmit level of the central office (or from the 
transmit level of the remote site). The value that is subtracted 
is determined by the type of system, and is typically made 
up of two components. 

The first component is related to the system being used. 
Typically, a 2BlQor 16Q AM /CAP system will have a value 
of 21.5 dB, a 3B1Q or 32CAP/QAM system will have a 
value of 24.5 dB, and a 16PAM or CAP/QAM 64 system will 
have a value of 27.5 dB. This value is designated as value 
B,- 

in addition, each system will have an appropriate noise 
margin value, typically between 3 and 6 dB, designated as 
M r To determine the value, designated as Z lt that will be 
sent to the transceiver at the other end of the digital data 
system, the following equation is used: 

Zj-Aj-CIVMJ in dB 

The value of Z } is sent to the transceiver at the other end 
of the data link, and upon receipt at the received data input 
82, the transmitter 56 determines if the value of Zj received 
is positive or negative. 

If Zj is positive, the transmitter 56 level at the central 
office is reduced by a value 7^ dB. The SNR is calculated 
again, until A } falls below a specified value for the system. 

If Zj is negative, then Aj is greater than the quantity 
Bj+M r Thus, the transmitter 56 power must be increased at 
the remote site, to minimize the crosstalk. Thus, a signal is 
sent on control/remote line 70 to increase the transmit power 
at the remote site. The value that the remote site should 
increase the power or frequency of transmission is Z3, where 
Zj may be different than the value Z^ 

Another method can also be used to control the transmit- 
ter 56 output. Instead of determining the value of the 
variable Z 2 , a threshold can be set to determine when the 
transmitter 56 needs to be controlled. The table-driven 
transmit power controller 90 can be programmed as 
described in Table 1 or Table 2. 

By using a straight comparison, the transmit power con- 
troller 90 can react faster to the given situation for transmit 
and receive power and/or frequency transmission control. 

The transmit boost or reduction is controlled when all of 
the conditions required are met. For Case I of Table 2, if the 
noise margin at the remote site is less than 8 dB, which 
indicates that the crosstalk at the remote site is worse than 
the nominal case, the boost of the transmitter 56 should not 
occur, to prevent any spectral compatibility problems. 



The 8 dB noise margin of Table 2 is chosen assuming the 
worst case scenario of 4.7 dB difference in the crosstalk 
between an 8 pair and a 49 pair system. In this way, a 5 dB 
final noise margin can be achieved even if only 8 pairs are 

5 in use during the activation and 49 pairs are used after the 
activation of the digital system. This lakes into account a 1.7 
dB improvement due to a 2 dB boost at the remote site 
transmitter. Cases U and 111 of Table 2 reduce NEXT and 
FEXT at the central office 12. The SNR detector 66 still 

10 contributes to the decision to boost or lower the power 
output of the transmitter 56 at the central office 12. 

The foregoing description of the preferred embodiment of 
the invention has been presented for the purposes of illus- 
tration and description. It is not intended to be exhaustive or 

15 to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of the 
above teaching. It is intended that the scope of the invention 
not be limited with this detailed description. 

20 TABLE 1 

Control Method foi the Adaptive Transmitter 
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Near-end 


Fai-end 


Line Loss 


Transmit Power 


I 


<6 dB 


<6 dB 


>30 dB 


Nominal 


II 


<6 dB 


<6dB 


<20dB 


Nominal 


[II 


<6 dB 


>12 dB 


>30dB 


Nominal 


IV 


<6 dB 


>J2 dB 


<20 dB 


decrease 


V 


>12 dB 


<6 dB 


>30 dB 


increase 


VI 


>12 dB 


<6 dB 


<20 dB 


increase 


VII 


>12 dB 


>12 dB 


>30dB 


nominal 


viii 


>12dB 


>12 dB 


<20dB 


decrease 



TABLE 2 



Alternative Control Method for the Adaptive Transmitter 



Central Office 
Noise Margin 



Remote 
Noise Mgn 



Line Loss Transmit power 



1 

40 


<10dB 


>8 dB 


>25 dB 


Boost Remote 








Site Power 


II 


Don't care 


>30dB 


<18dB 


Reduce Central 
Office Power 


III 


>10dB 


Don't care 


<]] dB 


Reduce Remote 
Site Power 



45 



50 



55 



60 



65 



Where: 

Near-end is the noise margin measurement made at the 
transceiver; 

Far-end is the noise margin measurement made at the 
opposite end of Ihe transmission link; 

Line loss is the measurement made of the cable losses 
between the two transceivers; and 

Transmit power is the action taken by the transmit power 
controller 90 to control the transmitter 56 in the direc- 
tion given in Table 1 . 

What is claimed is: 

1. A crosstalk reduction device, comprising: 
a transmitter having a variable output for transmitting a 
signal; 

a hybrid, connected to the variable output of the 
transmitter, for diverting a portion of the variable 
output of the transmitter to a low power output; 

an equalizer, coupled to the low power output of the 
hybrid, having an output; 

a signal level detector, coupled to the low power output of 
the hybrid, for providing a first control signal to the 



